stroke patients, EMS providers are responsible for triaging patients to the appropriate hospital and level of care. One potential modification of the current stroke triage system is to have EMS transport all suspected stroke patients directly to a CSC rather than to a closer acute stroke-ready hospital (ASRH) or primary stroke center (PSC), 5, 9, 14, 15 but unnecessary overtriage may delay time to treatment for the individual patient, 1 while contributing to emergency department (ED) overcrowding and its known adverse impact on patient outcomes. 16 Bypassing an ASRH/PSC for a CSC for appropriate stroke patients has been recommended by the American Stroke Association as long as the extra transportation time is no >15 to 20 minutes.
14 Current recommendations do not describe which subgroups of patients should be brought directly to a CSC. Using EMS to identify severe stroke using the National Institutes of Health Stroke Scale (NIHSS) or a shorter clinical scale such as the Cincinnati Stroke Triage Assessment Tool (formally referred as Cincinnati Prehospital Stroke Severity Scale) 9, [11] [12] [13] for triage to CSCs has been previously proposed. 5, 9, 14, 15 We analyzed the potential effect of preferential EMS triage of stroke patients to a CSC instead of an ASRH/PSC on transportation times and the diverting and receiving hospital census within the metropolitan area of the Greater Cincinnati Northern Kentucky population of 1.3 million.
Methods
The GCNKSS (Greater Cincinnati/Northern Kentucky Stroke Study) is a primarily urban population-based study of temporal trends in stroke incidence in a biracial population of 1.3 million. The 5-county geographic region includes 15 regional hospitals and has a population density of 967 people per square mile. Details of the study's methodology are described elsewhere. 17 Briefly, the GCNKSS retrospectively identified all transient ischemic attack (TIA), AIS, intracerebral hemorrhage, and subarachnoid hemorrhage patients among residents of the region in calendar year 2010 by screening International Classification of Diseases-Ninth Revision codes 430 to 436. Trained research nurses abstracted information from hospital charts related to the acute stroke events, and study physicians verified stroke cases and determined stroke subtype. The Institutional Review Boards at all participating hospitals approved the study.
Each hospital in the Greater Cincinnati/Northern Kentucky (GCNK) region was defined as a CSC, PSC, or ASRH hospitals for study purposes based on how the hospital would be designated under 2015 Joint Certification stroke certification standards. The CSC designation was not available in 2010, but 1 hospital earned CSC status in 2013, and it remains the only CSC in the GCNK region. Thus, this hospital was defined as a CSC for our analysis. Of the remaining 14 hospitals, 3 were certified as PSCs in 2010, and the remainder were designated ASRH (Figure 1 ).
The present analysis included all AIS, intracerebral hemorrhage, and subarachnoid hemorrhage stroke patients ≥20 years of age who were transported by EMS from the patient's primary residence to one of the area hospital's EDs. TIA patients were excluded. The following data items were extracted from hospital records for the current analysis: time of symptom onset, address of the patient's residence, address of the ED of presentation, time of arrival at the ED, and initial NIHSS determined retrospectively (rNIHSS). 18, 19 If symptom onset was witnessed, the exact time of onset was recorded. If not witnessed, the time last seen normal was used. Otherwise, timing of onset was estimated in 1 of 4 6-hour time windows-after midnight (00:01-06:00), morning (06:01-12:00), afternoon (12:01-18:00), or evening (18:01-midnight). Wake-up strokes and cases for which presentation was >24 hours after onset were separately classified.
Also recorded was whether patients who were initially transported to an ASRH/PSC were subsequently transferred to the area's CSC. Home and hospital addresses were geocoded with US Census Geocoder (US Census Bureau 2014) to obtain longitude and latitude coordinates, and travel time was estimated using road class speed limits for the route with the shortest driving time to both the presenting hospital and the CSC. Travel times were computed using ArcGIS geographic information systems software (Esri 2015), and the North American road network data were prepared by TomTom 2013.
We used descriptive statistics to summarize estimated transport times to the initial presenting hospital, as well as the difference between the travel time to the ASRH/PSC and the travel time it would have taken if the patient had been transported directly to the CSC (for those who initially presented to an ASRH/PSC).
To measure the potential effect of direct transport to the CSC on ASRH/PSC and CSC volume, including the potential range of CSC volume changes using estimated times, we further classified patients into the following subgroups: wake-up strokes, patients who presented within 3, 4.5, 6, and 12 hours of onset. For patients with estimated onset times, time from onset to ED arrival was calculated based on earliest time of the window (eg, 00:01 for after midnight). Analysis was also performed on the subset of patients in each subgroup with moderate or severe stroke (rNIHSS score of ≥10).
9

Results
There were 2720 hospitalized stroke patients who were ≥20 years old among residents of the GCNK study region during calendar year 2010. Of the 1102 (40.5%) who used EMS, 937 were transported by EMS directly to an area hospital from the patient's residence, and 929 residence addresses were successfully geocoded and were included in the analyses. The majority of stroke patients (806/929 [87%]) were transported to an ASRH/PSC; the remaining 123 (13%) presented to the CSC. An additional 79 patients underwent secondary transfer from a PSC/ASRH to the CSC.
Among the 929, witnessed onset time was documented for 344, last known normal was documented for 108, onset time was estimated in 6-hour time windows for 150, 176 had wake-up strokes, and 151 presented beyond 24 hours of onset. Among the 753 strokes not classified as wake-up and using the earliest time for strokes with an estimated time range, 319 (42%) arrived at the ED within 3 hours of symptom onset, 378 (50%) within 4.5 hours, 418 (55%) within 6 hours, 499 (66%) within 12 hours, and 254 (34%) beyond 12 hours.
Additional EMS Transport Time to CSC
For all stroke patients who were originally brought to ASRH/ PSC, the estimated mean EMS travel time from the patient's residence to the ASRH/PSC was 11.5 minutes (±7.4 minutes), with a maximum travel time of 49.8 minutes. If the 806 patients that were taken to an ASRH/PSC had instead been triaged to a CSC, the mean estimated travel time from to the CSC would have been 19.4 minutes (±9.1 minutes) with a maximum travel time of 58.6 minutes (difference in means, 7.9 [±6.8] minutes). Some patients (113, 14%) would have a reduction in transport time, whereas others (117, 15%) would have had ≥15 minutes increase in travel time. Eight (0.01%) would have increased transport time by >30 minutes. Figure 2 details the impact on subgroups based on last known normal time and stroke severity. Figure 3 depicts the geographic distribution of EMS transport times for AIS patients from their home to a hospital. Each dot represents the home address of a transported patient, and the color of the dot represents the estimated transport time. Figure 3A represents the transport time to the hospital that they actually were transported to, Figure 3B is the estimated transport time if they were taken directly to the CSC, and Figure 3C is the difference in transport time between Figure 3A and 3B. As expected, the delays in triaging to the CSC were generally shorter the closer the patient lived to the CSC.
Effect on Receiving Hospital Census
EMS transported 123 of the 929 patients directly to the CSC, and an additional 79 were secondarily transferred to the CSC from ASRH/PSCs.
If every suspected stroke was initially taken to the CSC by EMS, an additional 727 (14 per week) stroke patients would be evaluated at the CSC, representing a 359% increase in annual volume. Triaging stroke patients based solely on stroke severity (rNIHSS score of ≥10) would increase the yearly CSC census by 253 (4.9 per week) stroke patients after excluding patients transferred from ASRH/PSCs (Table) . If the criterion included stroke severity of rNIHSS score of ≥10 and symptom onset or last known normal of ≤6 hours, this would add 116 (2.2 per week) stroke patients, and if estimated times were allowed, then there would be 132 to 142 (2.5-2.7 per week) additional stroke patients admitted to the CSC (Table) .
Effect on Diverting Hospital Census
EMS transported 806 patients directly to 1 of the 14 ASRH/ PSC hospitals within the GCNK region. Of these, 79 were subsequently transferred to the CSC leaving 727 stroke patients receiving their stroke care at the ASRH/PSC. If every suspected stroke was initially taken to the CSC by EMS, a median of 43 stroke patients (interquartile range, 27-79) would be diverted from each ASRH/PSC hospital. Triaging stroke patients based solely on stroke severity (rNIHSS score of ≥10) would divert a median of 12 stroke patients (interquartile range, 10-28) from each hospital yearly. If the triage criterion included stroke severity of rNIHSS score of ≥10 and symptom onset or last known normal of ≤6 hours, this would only divert a median of 8 stroke patients (interquartile range, 2-16) from each individual ASRH/PSC yearly.
Discussion
In the primarily urban Greater Cincinnati/Northern Kentucky region, EMS triage of stroke patients from a patient's home to a CSC, rather than to a ASRH/PSC, would add, on average, an estimated 6 to 9 minutes of EMS transport time depending on the criteria used for triage. Such a triage system would undoubtedly impact the census of the CSC and regional hospitals. If all stroke patients in the region were transported by EMS directly to the CSC, volumes would nearly quadruple. Further, this increase does not reflect nonstroke patients with stroke-like symptoms (ie, mimics, TIAs, incorrect assessment by EMS). Because EMS triage of all stroke patients to CSCs Figure 2 . Distribution of the differences in travel time between comprehensive stroke center and initial hospital among stroke patients transported by Emergency Medical Services to an acute stroke-ready hospital/primary stroke center hospital. Box plots depict the minimum, first quartile, median, third quartile, and maximum values with the rectangle spanning the first to third quartile, the line segment inside the rectangle depicting the median, and the whiskers above and below the box show the locations of the minimum and maximum value. Mean±SD of the distribution is indicated by the black dot with gray lines spanning the value of the SD above and below the mean. A, All ischemic strokes using EMS in the region, and (B) moderate and severe strokes only. Moderate and severe strokes were defined as National Institutes of Health Stroke Scale determined retrospectively (rNIHSS) score of ≥10 and rNIHSS score of ≥15, respectively. is unrealistic, even if there was sufficiently increased capacity, development of future protocols to triage the most appropriate stroke patients to CSCs is essential.
Two potential variables for deciding where to transport stroke patients are the severity of symptoms and the estimated travel time from the place of stroke onset to a stroke-certified hospital. Patients with severe AIS, hemorrhagic strokes, and subarachnoid hemorrhage patients may have better, more cost-effective outcomes when care is at a CSC or tertiary high-volume center, or at a dedicated neurological intensive care unit. [20] [21] [22] [23] [24] [25] [26] [27] [28] Almost all AIS patients with an NIHSS score of ≥15 have an LVO, 29 and the majority of participants in the endovascular stroke trials with a documented LVO at baseline had a baseline NIHSS score of ≥10, with a median NIHSS score of 17-18. 4 Randomized trials of hemicraniectomy had a lower limit stroke severity of NIHSS score of ≥15. 20 Thus, a prehospital triage using either an NIHSS score of ≥15 or an NIHSS score of ≥10 fits with the current scientific literature for patients who may benefit from care at a CSC/tertiary hospital. However, requiring EMS to perform a full NIHSS is challenging; thus, systems will need a fast, easy prehospital stroke scale that correlates well with stroke severity as measured by the NIHSS and the presence of LVO. 9, [11] [12] [13] Triaging all stroke patients with an NIHSS score of ≥10 to the CSC would have added ≈250 (or 4.9 per week) more stroke patients to the CSC census in the study year. If symptom onset or last known normal within 6 hours of stroke onset is added to stroke severity of NIHSS score of ≥10 (a practical current threshold for endovascular therapy), 116 more patients (2.2 per week) would have been added to the CSC census. In this scenario, maximum decrease in the region's ASRH/PSC census would be 19 cases annually (or 0.4 per week). For a threshold of NIHSS score of ≥15 within 6 hours, only 87 (1.7 per week) additional patients would have been added to the CSC yearly census. This modest increase in CSC volume could likely be absorbed without allocation of new resources to the CSC and without significant impact to PSC/ASRH operations.
Among all stroke patients in the GCNK region, 85% would have had an acceptable additional amount of transport time if triaged to the CSC instead of the closer ASRH/PSC. Of note, 14% of stroke patients would have had faster transport times by going directly to the CSC. However, an equal number of stroke patients (15%) live far enough away from the CSC to have a delay of ≥15 minutes, and triage to the CSC could delay time-sensitive interventions. Before implementing regional triage protocols, communities must assess the risks and benefits of additional travel time specific to their area. Alternative strategies, such as use of helicopter EMS, have been used to decrease treatment times in other time-dependent conditions, such as ST-segment-elevation myocardial infarction and trauma. 30, 31 Our study has limitations. First, the data from 2010 were retrospective and included only patients with stroke diagnoses. It is likely that the impact on patient volumes would be higher when triage is applied to suspected stroke patients; however, the authors cannot quantify this exact number, thus requiring additional prospective studies. A limited study by our group found that 83% of cases whereby EMS providers suspected stroke screened positive on the FAST (Face, Arm, Speech, Time) screening test; of the 55 of these cases with available final diagnoses, 24 (44%; 95% confidence interval, 30%-58%) had a diagnosis other than stroke/TIA. 32 These preliminary findings are similar to that of a Swedish study where the positive predictive value for a hospital discharge diagnosis of stroke/TIA among 900 cases for which EMS dispatch suspected stroke was 51% (confidence interval, 47%-54%), and the positive predictive value for ambulance personnel impression of stroke was 58% (confidence interval, 52%-64%). 33 Thus, we acknowledge we have likely underestimated the overall increase in CSC census. Nonetheless, our estimates represent the best available estimate of impact of actual stroke cases. Our estimated travel time does not account for time differences that will be longer at peak traffic times such as rush hour, traffic concerns, or weather. We also did not include patients transported by EMS from nonhome locations, such as shopping malls or places of employment that can add unique transport complexities. A limitation that the NIHSS may vary during the first few hours of AIS onset 32, 33 and it is possible that the stroke severity at the time of EMS examination will change by the time a treatment decision for ischemic stroke is made by medical providers. In addition, the frequency of interfacility transfers to the CSC should be expected to have increased in recent years, given the recently ASRH indicates acute stroke-ready hospital; CSC, comprehensive stroke center; ICH, intracerebral hemorrhage; NIHSS, National Institutes of Health Stroke Scale; PSC, primary stroke centers; and SAH, subarachnoid hemorrhage. *Conservative estimation of last known normal times includes patients with witnessed onset, exact last known normal, and patients with onset times estimated in one of the 6-h time windows, based on latest time of the window (eg, 00:01 for after midnight).
†Exact time patients includes patients with witnessed onset, exact last known normal, and patients with onset times estimated in one of the 6-h time windows.
proven benefits of thrombectomy 34, 35 as a treatment option (which is only available at the CSC in our region). Finally, findings from our regional system are not generalizable; other stroke systems and regions likely have unique variables that may impact their possible triage.
Rural regions likely have longer transport times, although about 80% of EMS transports for suspected stroke occur in urban settings. 36 Future studies of prehospital stroke triage should endeavor to evaluate the impact of transport times for stroke patients initially evaluated by EMS in rural settings.
Recent advancements in severe AIS, intracerebral hemorrhage, and subarachnoid hemorrhage require thoughtful revision for prehospital triage within a regional stroke system. 5, 14, 15 Each stroke system has unique variables that may impact its triage processes. EMS triage to CSCs based on stroke severity and duration of symptoms may be feasible, with acceptable transport time intervals and tolerable changes in CSC and ASRH/PSC stroke census. The impact of prehospital triage of suspected stroke patients on actual EMS travel times, ED volume, stroke system of care efficiency, and sustainability, as well as patient outcomes, remains to be determined and requires further prospective evaluation.
